In this study, the successful preparation of activated carbons from Corn Stigmata, either 27 through direct pyrolysis and activation or through a preliminary additional hydrothermal 28 carbonisation (HTC) step, was reported. It was shown that the latter allowed producing higher 29 carbon yield, higher carbon content and higher BET area (A BET ) after 2h of activation with 30 CO 2 than what was observed for activated carbons (ACs) prepared in the same conditions but 31 without HTC. The AC having the most developed porous texture, A BET = 1111 m 2 /g, was 32 further investigated by FTIR, SEM and potentiometric titration, and its pH at point of zero 33 charge was determined. Its performances in terms of methylene blue (MB) adsorption were 34 studied and discussed in relation to its textural and chemical characteristics. Due to its very 35 heterogeneous surface, the fractal Brouers-Sotolongo model was the most relevant for 36 describing both kinetic and equilibrium adsorption data. The calculated thermodynamic 37 parameters also showed that MB adsorption was spontaneous on this material. The high MB 38 uptake at room temperature, compared to many other results published in the literature, 39 further confirmed the interest of Corn Stigmata-derived hydrochars as precursors of activated 40 carbons. 41 42 43 44 45
step, using a specific protocol. Fourier-transform infrared spectroscopy (PerkinElmer Spectrum Two) was performed to analyse the functional groups on the carbon surface. Experiments were 147 carried out based on samples diluted in KBr pellets according to a 1:100 weight ratio of carbon 148 to KBr.
149
The point of zero charge, pH PZC , and the potentiometric titration experiments were 150 performed with an automatic titrator (905 Titrando, Metrohm, monitored by tiamo software 151 V2.2) as described elsewhere (Selmi et al., 2018a) . It is assumed that the carbon materials 152 have acidic sites characterised by their acidity constants, K a , and that the population of sites 154 Jagiello et al., 1995) . The experimental titration data were converted into a proton-binding 155 curve, from which the distribution of acidity constants was obtained by using the numerical 156 SAIEUS procedure (Jagiello, 1994) .
157
The textural characterisation was performed by investigating adsorption-desorption of N 2 158 at -196°C and of CO 2 at 0ºC, using Micromeritics ASAP 2020 and ASAP 2420 automatic 159 devices, respectively. Adsorption data were treated by the Microactive software as described 160 elsewhere (Selmi et al., 2018a) . In short, we determined the BET area, A BET (m 2 /g), the 161 Gurvitch volume, V 0.97 (cm 3 g -1 ), and the Dubinin-Raduskevich (DR) volumes (Dubinin, 162 1989) from nitrogen and carbon dioxide adsorption, V DR,N2 (cm 3 /g) and V DR,CO2 (cm 3 /g),
163
respectively. The enhanced 2D-NLDFT model (Jagiello et al., 2019) was applied to both the 164 N 2 and CO 2 adsorption isotherms to calculate the pore size distributions (PSDs). The 165 following parameters were also determined: surface area, S NLDFT (m 2 /g), micropore volume 166 (pore width, < 2 nm), V mic, NLDFT (cm 3 /g), total pore volume, V T, NLDFT (cm 3 /g), and 167 mesopore volume (2 < < 50 nm), V meso, NLDFT (cm 3 /g), calculated as the difference V T, NLDFT
168
-V mic, NLDFT .
169
The surface morphology of the carbons was investigated with a JEOL JSM 5400 scanning 170 electron microscope. 
Methylene blue (MB) adsorption

205
The equation of the pseudo-first order (PFO) (Lagergren, 1898) reads:
206
(7)
207
where Q e1 (mg/g) and Q t (mg/g) are the amounts of dye adsorbed at equilibrium and at time t 208 (min), respectively, and k 1 (min −1 ) is the rate constant of pseudo-first-order sorption.
209
The equation of the pseudo-second order (PSO) McKay, 1998, 1999) reads :
210
(8)
211
where k 2 (g/(mg min)) is the rate constant of the pseudo-second-order equation.
212
The evidenced by the whitish colour of the as-obtained material (see Figure 1b ) and by the very low C content presented in Table 1 , 3.9 wt. %. This fact clearly shows the importance of the HTC step for the stabilisation of the structure since the materials from the HTC series are 281 much more resistant to activation, probably due to the higher aromatisation of CHCS with 282 respect to CCS. Consequently, activation of HTC-treated materials is slower and can be better respectively. As CO 2 adsorption gives information on the narrow porosity, namely of width 313 less than 1.1 nm, these figures show that CCS has a more developed narrow porosity than
314
CHCS. It also shows that the activation was more effective for the materials derived from 315 CHCS, as the porosity that they developed was always higher than that of activated CCS 316 materials. Little differences of CO 2 adsorption were observed among ACt-CHCS materials,
317
indicating that the different activation times primarily affected the development of wide 318 micropores (wider than 1.1 nm) and mesopores. presented the highest fractions of mesoporosity and the highest mesopore volumes (except the 347 too much activated A2_CCS, which is not representative of a normal AC), see Table 2 . This
348
finding is due to the hydrothermal treatment that essentially decomposes celluloses and 349 hemicelluloses and preserves the lignin backbone as explained in the introduction, thus HTC 350 leads to broader pores after pyrolysis. CHCS had also a much higher micropore volume, 0.12 
352
The textural characteristics are summarised in Table 2 . AC2_CHCS had higher A BET and
353
S NLDFT than AC3_CHCS due to the broadening of micropores and the conversion of part of 354 them into mesopores at 3 h of activation, as seen by the increase of mesopore fraction from 26 to 29 %. Thus, AC2_CHCS had the highest specific surface area out of all present ACs, as also clearly seen in Figure 3a and Figure 3b . exists. This very narrow porosity is not accessible to nitrogen at -196°C, at the used 372 equilibrium times, but it is accessible to CO 2 at 0°C. CO 2 has a slightly higher cross-section 373 area (0.195 nm 2 ) than N 2 (0.162 nm 2 ), but the former diffuses in the narrowest pores due to 374 the higher temperature used. On the contrary, finding V DR,N2 > V DR,CO2 indicates that the pore 375 texture is well developed and that the porous surface is more accessible to pollutants during 376 adsorption processes, as in the cases of A1_CCS, A2_CHCS and A3_CHCS. We consider 377 that V mic, NLDFT gives a more accurate estimation of the micropore volume, given that the DR method generally overestimates micropore volumes for well-developed pore textures. was carried out to better explain and discuss its MB adsorption performances.
405 Figure 5a shows that the pH PZC of AC2_CHCS was equal to 8.6. Therefore, at pH > 8.6,
406
the AC surface is negatively charged and the adsorption of the MB, which is a cationic dye, is 407 expected to be favourable. Figure 5b shows the results of the potentiometric titration of 408 AC2_CHCS. Five peaks were found at pK a equal to 3.24, 5.06, 6.57, 7.33 and 9.75. The total 409 amounts of acidic and basic groups were 0.550 mmol/g and 0.743 mmol/g, respectively.
410
AC2_CHCS is thus characterised by a basic surface in agreement with its pH PZC equal to 8.6.
411
Following the classification proposed elsewhere, the groups with pK a < 8 are assumed to be Selected isotherms were repeated three times, based on which a relative error of less than 5% 440 was observed. Figure 7 illustrates the effect of pH and temperature on the MB adsorption 441 capacity of AC2_CHCS. Figure 7a shows that the MB adsorption capacity of AC2_CHCS 442 increased considerably when the solution pH increased from 2 to 6. The maximum MB uptake 443 was obtained at pH 7, and remained approximately constant between 7 and 10, indicating that 444 MB adsorption in basic medium was not significantly influenced by the pH. Such results are 445 logical considering that, at pH equal to 2 or 4, the material surface is positively charged so that the cationic dye MB is not favourably adsorbed. However, pp interactions were likely charged since the pH PZC is 8.3. At even higher pH, the number of negatively charged sites on 450 the AC surface was the highest, thus favouring the electrostatic attraction between the AC 451 surface and MB.
452
In order to understand the thermodynamic behaviour of MB adsorption onto AC2_CHCS,
453
the effect of temperature on MB adsorption was investigated in the range of 20 to 40°C, at 454 initial MB concentrations of 10, 40 and 100 mg/L. Figure 7b shows that MB adsorption 455 capacity increased with temperature and initial concentration. The values of the 456 thermodynamic parameters for MB adsorption onto AC2_CHCS are summarised in Table 3 . Table 4 .
478
The application of the BSf model led to the highest and lowest values of R 2 and χ 2 , 
Isotherms studies
504 Figure 8 shows the experimental adsorption data fitted by the four isotherm models:
505
Langmuir, Freundlich, Sips and BS. The corresponding adsorption parameters are presented 506 in Table 5 . 
512
Based on the determination coefficients found for each model, the BS and Sips models 513 appeared as the most appropriate ones to fit the experimental data, with R 2 values as high as 0.9999 and 0.9998, respectively. Moreover, the very high values of χ 2 found for both mg/g, respectively) in poor agreement with the experimental Q e one (561.5 mg/g).
518
In contrast, the Q m value obtained from Brouers-Sotolongo isotherm, 607.2 mg/g, was the 519 closest to the experimental one, in complete agreement with the lowest value of χ 2 observed 520 for the fit. Therefore, the BS isotherm was the most adequate for describing the adsorption of 
